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Abstract Of EP1312843 

A cartridge relief valve (50) is uses a piston 
design. Tine piston (38) replaces a tube used in 
prior art relief valves. The piston (38) makes the 
inventive relief valve (50) easier to manufacture 
and more stable than prior art relief valves. This 
is due to the fact that, for a given size valve, the 
diameter of the piston (38) is smaller than the 
diameter of the tube that it replaces. 
Furthermore, the diameter of the pilot seat (66) of 
the inventive relief valve (50) is also smaller than 
the diameter of the pilot seat of many prior art 
valves. 
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(54) Cartridge relief valve with improved stability 

(57) A cartridge relief valve (50) is uses a piston de- 
sign. The piston (38) replaces a tube used in prior art 
relief valves. The piston (38) makes the inventive relief 
valve (50) easier to manufacture and more stable than 
prior art relief valves. This is due to the fact that, for a 



given size valve, the diameter of the piston (38) is small- 
er than the diameter of the tube that it replaces. Further- 
more, the diameter of the pilot seat (66) of the inventive 
relief valve (50) is also smaller than the diameter of the 
pilot seat of many prior art valves. 
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Description 

CROSS-REFERENCE TO REUITED APPLICATIONS 

[0001] This application claims the benefit of the filing 
date of U.S. Provisional Application No. 60/333,086, 
filed on November 16, 2001 . 

TECHNICAL FIELD 

[0002] The invention relates generally to relief valves, 
and, more particularly, to cartridge relief valves that 
have a built-in reverse flow check valve structure. 

BACKGROUND 

[0003] Relief valves are generally used to limit the 
maximum pressure in fluid systems. There are a variety 
of relief valves available on the market today. However, 
valve manufacturers are constantly seeking ways to im- 
prove the perfonnance of such valves and to lower the 
amount of money and time it takes to manufacture them. 

BRIEF DiSCRIPTION OP THE DRAWINGS 

[0004] While the appended claims set forth the fea- 
tures of the present invention with particularity, the in- 
vention may be best understood from the following de- 
tailed description taken in conjunction with the accom- 
panying drawings of which: 

[0005] FIG. 1 illustrates a prior art cartridge relief 
vah^e; 

[QOOS] FIG. 2 illustrates a piston according to an em- 
bodiment of the invention; 

[0007] FIGS. 3-7 illustrate a relief valve in accord- 
ance with an embodiment of the invention, with FIG. 5 
further illustrating the relief vah^e in reverse flow mode; 
[0008] FIG. 8 illustrates the flow characteristics of the 
prior art relief valve of FIG. 1 ; and 
[0009] FIG. 9 illustrates the flow characteristics of an 
embodiment of the invention. 

DETAILED DESCRIPTION 

[0010] The invention is generally directed to a car- 
tridge relief valve having a piston design that makes the 
relief valve easier to manufacture and more stable than 
prior art relief valves. 

[0011] Referring to FIG. 1 , an example of a prior art 
relief valve will now be described. The relief valve 10 
includes a generally cylindrical cage 12, a generally cy- 
lindrical adapter 14 and an adjuster 15. The cage 12 is 
coupled to one end of the adapter 1 4, while the adjuster 
15 is coupled to the other end of the adapter 14. The 
relief valve 10 has a first port 11 and a second port 13, 
which are defined in the cage 12. The cage 12 has a 
sloped surface 12a near the second port 13, which is 
refen^ed to herein as a seat 12a. Slideably disposed in- 



side the cage 12 is a main poppet 16 having an axial 
bore 18. The main poppet 16 has a sloped face 1 6a. In 
the position depicted in FIG. 1 , the poppet face 1 6a con- 
tacts the seat 1 2a of the cage 1 2 to form a metal seal 

5 that blocks communication between the first port 1 1 and 
the second port 1 3. A pilot seat 20 is disposed adjacent 
to the main poppet 16 and is fixed within the cage 12. 
The pik>t seat 20 has an oriftee 22. A first chamk>er 24 
is defined between the pilot seat 20 and the main poppet 

10 1 6. A tube 28 is slideably disposed within the axial bore 
1 8 of the main poppet 1 6. In the position shown in FIG. 
1 , the tube 28 extends partially out of the main poppet 
1 6 near the first port 11 at one end and partially into the 
chamber 24 at the other end. 

IS The tube 28 has an axial bore 29 that communicates 
with the chamber 24 when the tube 28 is in the position 
shown in FIG. 1 . Located within the first chamber 24 are 
a main spring 26 and a support spring 26a. The main 
spring 26 is in contact with the tube 28 at one end and 

20 with the pilot seat 20 at the other end. The support spring 
26a is in contact with the tube 28 at one end and with 
the main poppet 1 6 at the other end. The main spring 
26 and the support spring 26a keep the tube 28 in a free 
floating position with one end of the tube 28 facing away 

25 from the pilot seat 20. 

[0012] Referring again to FIG. 1, the relief valve 10 
further includes a second chamber 30 defined in the 
adapter 14 between the adjuster 15 and the pilot seat 
20. A pilot poppet 31 is slideably disposed in the second 

30 chamber 30. The pilot poppet 31 has a ball seal 32. A 
pilot spring 34 is disposed in the second chamber 30, 
and is in contact with both the pilot poppet 31 and the 
adjuster 15. The spring 34 biases the pilot poppet 31 
toward the orifice 22 of the pilot seat 20, so that, when 

35 the flu id pressure at the orifice is less than the force pro- 
vided by the pilot spring 34, the ball seal 32 abuts the 
orifice 22. The adjuster 1 5 can be adjusted to move clos- 
er or farther away from the pilot poppet 31 , thereby in- 
creasing or decreasing the biasing force of the pilot 

40 spring 34. The dimensions of the ball seal 32 are sippro- 
priate for preventing the flow of fluid through the orifice 
22. A passageway 36 is defined between the inner sur- 
face of the adapter 1 4 and the outer surface of the cage 
12, and provides communk^ation between the second 

45 chamber 30 and the second port 1 3. 

[0013] The relief valve 1 0 of FIG. 1 is designed to limit 
the pressure difference between the first port 1 1 and the 
second port 1 3, and to permit fluid to flow freely from the 
second port 1 3 to the first port 1 1 . Under normal working 

50 conditions, fluid from the first port 11 flows through the 
axial bore 29 of the tube 28 and into the first chamber 
24. until the pressure of the fluid in the first chamber 24 
equals the pressure of the fluid at the first port 1 1 . When 
the pressure of the fluid in the first chamber 24 exceeds 

55 the pressure value set by the biasing force of the pilot 
spring 34, the fluid pushes the pilot poppet 30 away from 
the orifice 22 of the pilot seat 20, exits the first chamber 
24 and enters the second chamber 30. Fluid also flows 
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through the axial bore 29 of the tube 28 and into the 
second chamber 30. Finally, the fluid in the second 
chamber 30 travels through the passageway 36 and out 
of the second port 1 3. The flow of fluid out of the cham- 
ber 24 causes the pressure in the chamber 24 to drop, s 
which causes the tube 29 to move against the main 
spring 26 and toward the orifice 22 of the pilot seat 20, 
until it moves through the orifice 22 of the pilot seat 20 
and abuts the ball seal 32 of the pilot poppet 30, at which 
point the ball seal 32 restricts the flow of the fluid through 
the axial bore 29 of the tube 28. This action forms two 
flow restrictions - one between the tube 28 and the pilot 
poppet 31 and another between the tube 28 and the rim 
of the orifice 22. When the force created by pressure of 
the fluid in the first chamber 24 is lower than the force 
created by the pressure of the fluid at the first port 11 , 
then the main poppet 1 6 moves away from the seat 1 2a 
of the cage 1 2, thereby opening a flow path between the 
first port 11 and the second port 13. 
[001 4] The relief valve 1 0 of FIG. 1 also has a reverse 
flow mode. In the reverse flow mode, when the fluid 
pressure at the second port 13 exceeds the fluid pres- 
sure at the first port 11 , the pressure difference causes 
the main poppet 1 6 to move away from the first port 11 . 
This action results from the geometry of the main poppet 
16, and, in particular, the fact that a small, slanted por- 
tion 1 6a of the main poppet 1 6 is exposed to the second 
port 1 3. When the main poppet 1 6 moves away from the 
first port 11 , fiuld is permitted to flow directly from the 
second port 13 to the first port 11. Furthermore, the 
movement of the main poppet 1 6 away from the flrst port 
1 1 compresses the fluid in the first chamber 24, thereby 
forcing the fiuid from the first chamber 24, through the 
axial bore 29 of the tube 28. and out of the first port 11 . 
[0015] Referring to FIG. 2, a piston that functions ac- 
cording to an embodiment of the invention will now be 
described. The piston 38 has a first stem 40, a second 
stem 41 and a head 42 disposed between the first and 
second stems. The head 42 includes a step 49. The first 
stem 40 includes a slotted portion 44 having a pair of 
slots 46. Each of the pair of slots 46 has a leading edge 

47. The first stem 40 also includes a non-slotted portion 

48. In FIG. 2, only one of the pair of slots 46 is visible, 
but both slots 46 can be seen in FIGS. 3 - 7, in which a 
relief valve 50 that incorporates the piston 38 is shown. 
The relief valve 50 has many of the same components 
as the relief valve 1 0 of FIG. 1 . 

For example, the relief valve 50 includes a generally cy- 
lindrical cage 52, a generally cylindrical adapter 54 and 
an adjuster 56. The cage 52 is coupled to one end of 
the adapter 54, while the adjuster 56 is coupled to the 
other end of the adapter 54. The relief valve 50 has a 
first port 58 and a second port 60, which are defined in 
the cage 52. The cage 52 has a sloped surface 52a near 
the second port 60. Slideably disposed inside the cage 
52 is a main poppet 62 having an axial bore 64. The 
main poppet 62 has a sloped face 62a. In the position 
depicted in FIGS. 3 and 4. the main poppet face 62a 



contacts the seat 52a of the cage 52 to form a metal seal 
that blocks communication between the firwst port 58 
and the second port 60. A pilot seat 66 is disposed ad- 
jacent to the main poppet 62 and is fixed within the cage 
52. The pilot seat 66 has an orifice 68. A first chamber 
70 is defined between the pilot seat 66 and the main 
poppet 62. Located within the first chamber 70 is a main 
spring 72. The piston 38 is slideably disposed within the 
axial bore 64 of the main poppet 62, with the head 42 of 
the piston 38 being disposed in the first chamber 70. In 
FIGS. 3 and 4. the piston 38 is shown in a first position, 
in which all of the non-slotted portion 48 of the first stem 
40, and at least part of the slotted portion 44 extend par- 
tially out of the axial bore 64 of the main poppet 62 near 
the first port 58. 

In FIG. 4, the piston 38 is shown in a second position, 
in which all of the slotted portion 44 of the first stem 40 
is inside the axial bore 64 of the main poppet 62, and in 
which at least part of the non-slotted portion 48 is also 
inside the axial bore 64 of the main poppet 62. The main 
spring 72 is in contact with the head 42 and is disposed 
around the step 49 (from FIG. 2). The main spring 72 is 
also in contact with the pilot seat 66. The main spring 
72 exerts a force to bias the piston 38 toward the first 
port 58. Should this biasing force be overcome, so as to 
cause the piston 38 to compress the main spring 72. the 
step 49 limits the motion of the piston 38 and prevents 
the main spring 72 from being overstressed. 
[0016] Refemng again to FIGS. 3-7. the relief valve 
50 further includes a second chamber 74 defined in the 
adapter 54 between the adjuster 56 and the pilot seat 
66. A pilot poppet 76 is slideably disposed in the second 
chamber 74. The pilot poppet 76 has a ball seal 78. A 
pilot spring 80 is disposed in the second chamber 74, 
and is in contact with both the pilot poppet 76 and the 
adjuster 56. The pilot spring 80 biases the pilot poppet 
76 toward the orifice 68 of the pilot seat 66, so that, when 
the the force created by the fluid pressure at the orifice 
is less than the force provided by the pilot spring 80, the 
ball seal 78 abuts the orifice 68. The adjuster 56 can be 
adjusted to move closer or farther away from the pilot 
poppet 76, thereby increasing or decreasing the biasing 
force of the pilot spring 80. The dimensions of the ball 
seal 78 are appropriate for preventing the flow of fiuid 
through the orifice 68. A passageway 82 is defined be- 
tween the inner surface of the adapter 54 and the outer 
surface of the cage 52, and provides communication be- 
tween the second chamber 74 and the second port 60. 
[0017] In accordance with an embodiment of the In- 
vention, an example of how the relief vah^e 50 of FIGS. 
3-7 operates will now be described. In this example, it 
is assumed that the piston 38 is initially in the first posi- 
tion, as shown in FIGS. 3 and 4, in which the first port 
58 is in fluidic communication with the first chamber 70 
via the slots 46 of the piston 38. It is also Eissumed that 
the main poppet 62 Is initially in the position depicted in 
FIGS. 3 and 4, in which it prevents any communication 
between the first port 58 and the second port 60. it is 
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further assumed that a pressure spike has occurred at 
the first port 58 and quickly propagates into the first 
chamber 70 through the slots 46. As a result, the pres- 
sure in the first chamber 70 increases sufficiently to 
force the pilot poppet 76 away from the orifice 68, there- 5 
by unblocking the orifice 68. Fluid then flows from the 
first chamber 70. through the orifice 68, through the sec- 
ond chamber 74, through the passageway 82 and out 
of the second port 60. This movement of fluid causes 
the pressure In the first chamber 70 to drop. The result- io 
ing differential pressure between the first port 58 and 
the first chamber 70 causes the piston 38 to move to- 
ward the orifice 68 until it moves into a position in which 
the leading edge 47 of the slot 46 enters the bore 64 of 
the poppet 62. This creates a first restriction on the pilot is 
flow between the main poppet 62 and the stem 40 of the 
piston 38. The first restric^'on limits the flow of fluid from 
the first port 58 to the first chamber 70, thereby causing 
the pressure in the first chamber 70 to drop qubkly and, 
as a result, causing the main poppet 62 to move toward 20 
the pilot seat 66. This opens a flow passage between 
the face 62a of the main poppet 62 and the seat 52a of 
the cage 52, thereby permitting fluid to f lowf rom the first 
port 58 directly to the second port 60. Furthermore, the 
piston 38 moves toward the pilot seat 66, as shown In 25 
FIG. 6. This process repeats itself until the second stem 
41 of the piston 38 enters the orifice 68. At that point, 
there a second clearance is created between the wall of 
the orifice 68 and the second stem 41 . FIG. 6 shows the 
configuration of the valve at this point, and depicts the 30 
first restriction (reference numeral 84) and the second 
restriction (reference numeral 86). Ultimately, the piston 
38 moves far enough into the orifice 68 as to make con- 
tact with the ball seal 78 and to keep the orlfk^e 68 un- 
blocked, as shown in FIG. 7. 35 
[001 8] At this point, the pilot flow (the flow of fluid from 
the first chamber 70 to the second chamber 74) is re- 
stricted, and is controlled by the movement of the main 
poppet 62. Furthermore, the main poppet 62 now fol- 
lows the movements of the piston 38. The main poppet 40 
62 now throttles the passage of fluid between the cage 
seat 52a and the face 62 of the main poppet. This allows 
the relief valve 50 to have a smooth response and con- 
sistent performance compared to the prior art relief 
valve 1 0 of FIG. 1 . This can be seen by comparing FIG. 45 
8, which illustrates the periormance characteristics of a 
prior art valve such as the one illustrated in FIG. 1 , with 
FIG. 9, which Illustrates the perfomnance characteristics 
of an embodiment of the invention. 
[0019] Additionally, the relief valve shown In FIGS. 3 
- 9 and described herein reduces the working stress on 
pilot spring or, alternatively, increases the maximum 
possible pressure setting compared to the prior art relief 
valve of FIG. 1 . This is due to the fact that, for a given 
size valve, the diameter of the piston is smaller than the 
diameter of the tube that it replaces. The diameter of the 
pilot seat of the Inventive relief valve is also smaller than 
the diameter of the pilot seat of the prior art valve of FIG. 



1 . This decrease in diameter results from the fact that 
the invention uses a solid piston as opposed to the hol- 
low tube of the prior art vah^e. Thus, wall thickness lim- 
itations that were present with the hollow tube no longer 
apply with the invention. 

[0020] It can thus be seen that a new and useful car- 
tridge relief valve has been provided. In view of the many 
possible embodiments to which the principles of this in- 
vention may be applied, it should be recognized thatthe 
embodiments described herein with respect to the draw- 
ing figure is meant to be illustrative only and should not 
be taken as limiting the scope of invention. Therefore, 
the invention as described herein contemplates all such 
embodiments as may come within the scope of the fol- 
lowing claims and equh^lents thereof. 



Claims 

1. A relief valve comprising: 

a first moveable member having an inner wall 

that defines an axial bore; 

a substantially solid piston slideably disposed 

within the axial bore; 

a stationary member having an orifice; 

a second movable member having at least a 

first position in which it blocks the orifice and a 

second position in which it permits at least 

some fluid to pass through the oriftee, 

wherein, during operation of the relief vah^e, 
fluid enters the valve through a first port, travels be- 
tween the first moveable member and the piston to 
exert pressure on the second moveable member at 
the orifice, thereby causing the second moveable 
member to move to the second position and permit- 
ting the fluid to exit the relief valve through a second 
port of the relief valve. 

2. The relief valve of claim 1 , wherein the first and sec- 
ond moveable members are disposed on opposite 
sides of the stationary member from one another. 

3. The relief valve of claim 1, further comprising a 
means for bieising the piston toward the first port. 

4. The relief valve of claim 3, wherein the biasing 
means Is a spring. 

5. The relief valve of claim 3, wherein the biasing 
means is a spring comprising a first end in contact 
with the piston and a second end in contact with the 
fixed member. 

6. The relief vah^e of claim 1 , wherein the first and sec- 
ond moveable members are disposed on opposite 
sides of the stationary member, the relief valve fur- 
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ther comprising: 

a first biasing means for biasing the piston to- 
ward the first port; 

a second biasing means for biasing the second 
moveable member toward the orifice. 

7. The relief valve of claim 6, wherein the first biasing 
means is a first spring and the second biasing 
means is a second spring. 

8. The relief valve of claim 6, wherein the second bi- 
asing means is a spring comprising a first end and 
a second end, the first end being in contact with the 
second moveable member, the relief vah^e further 
comprising: 

an adjusting piece disposed such that the sec- 
ond moveable member is between the fixed 
member and the adjusting piece, wherein the 
second end of the spring is in contact with the 
adjusting piece, and wherein the adjusting 
piece can be adjusted to change the distance 
between itself and the second moveable mem- 
ber, thereby changing the compression of the 
spring. 

9. The relief valve of claim 1, wherein the second 
moveable member is biased to remain in the first 
position by a force, the relief valve further compris- 
ing: 

a means for adjusting the amount of the force. 

10. A relief valve comprising: 

an adapter having at least a first chamber and 
a second chamber; 

a moveable member disposed within the first 
chamber, the moveable member having an ax- 
ial bore that communicates with the first cham- 
ber; 

a substantially solid piston partially disposed in 
the axial bore and partially disposed in the first 
chamber; 

a means for blocking communication between 
the first chamber and the second ch£mnber, 

wherein during operation of the relief valve, 
fluid travels between the piston and the axial bore, 
through the first chamber and exerts pressure on 
the blocking means, thereby causing the blocking 
means to move and to penmit the fluid to enter the 
second chamber 

11 . The relief valve of claim 1 0, wherein, when the fluid 
exits the first chamber through the orifice, the pres- 
sure in the first chamber drops, thereby causing the 
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piston to move toward the orifice. 
12. The relief valve of claim 1 0, further comprising: 

5 a first port; and 

a second port, wherein fluid enters the relief 
vahfe through the first port, travels between the 
piston and the axial bore, through the first 
chamber and exerte pressure on the blocking 

10 means, thereby causing the blocking means to 

move and to penmit the flu id to enter the second 
chamber, and travels from the second chamber 
to the second port. 

15 1 3. The relief valve of claim 1 0, further comprising: 

a first port; and 

a second port, wherein the first moveable mem- 
ber blocks the flow of fluid between the first and 

20 second ports, 

and wherein fluid enters the relief valve through 
the first port, travels between the piston and the 
axial bore, through thef Irst chamber and exerts 
pressure on the blocking means, thereby caus- 

25 ing the blocking means to move and to permit 

the fluid to enter the second chamber, and trav- 
els from the second chamber to the second 
port, reducing the pressure in the first chamber 
and causing: 

30 

the piston to move toward the orifice, and 
the first moveable member to move toward 
the oriftee, thereby permitting at least some 
fluid to flow from the first port to the second 
35 port without passing through the axial bore 

of the first moveable member. 

14. A relief valve comprising: 

40 a cage having an axial bore; 

a moveable member disposed within the axial 
bore of the cage, the moveable member com- 
prising a first end and a second end, the move- 
able member having an axial bore extending 

45 from the first end to the second end; 

a fixed member disposed within the axial bore 
of the cage adjacent to the second end of the 
moveable member, a chamber being defined 
between the moveable memt>er and the fixed 

50 member; 

a piston disposed w'rthin the axial bore of the 
moveable member and at least partially extend- 
ing into the chamber, the piston comprising a 
stem having a slotted section and a non-slotted 

55 section, the piston having at least a first posi- 

tion, in which the non-slotted sec^on is outside 
of the axial bore of the movable member at its 
first end, and a second position, in which the 
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non-slotted section is at least partially inside 
the axial bore, 

wherein, when the piston is in the first posi- 
tion, the relief valve is capable of passing fluid 
through the axial bore of the movable mennber, 
around the slotted section of the piston, and through 
the chamber, 

and wherein, in response to a decrease in 
pressure in the chamber, the piston moves toward 
the fixed member from the first position to the sec- 
ond position, thereby restricting the flow of the fluid 
through the axial bore. 

15. The relief valve of claim 14, 

wherein the axial bore of the first moveable 
member is defined by a wall, 

wherein a slot is defined In the slotted portion 
of the stem, 

wherein the slot and the wall define a channel 
through which the fluid passes, 

and wherein when the piston is in the second 
position, the non-slotted portion and the wall define 
a clearance that restricts the flow of the fluid into the 
channel. 

16. A relief valve comprising: 

a cage having an axial bore and a first chamber; 
an adapter coupled to the cage and having a 
second chamber; 

a first moveable member disposed within the 
axial bore of the cage, the first moveable mem- 
ber comprising a first end and a second end, 
the first moveable member having an axial bore 
extending from the first end to the second end; 
a fixed member disposed within the axial bore 
of the cage adjacent to the second end of the 
first moveable member, the first chamber being 
defined between the first moveable member 
and the fixed member, the fixed member having 
an orifice that connects the first chamber and 
the second chamber; 

a second movable member disposed within the 
second chamber and on the opposite side of 
the fixed member as the first movable member, 
the second movable member being biased to 
obstruct the orifice; 

a piston disposed within the axial bore of the 
moveable member and at least partially extend- 
ing into the chamber, the piston comprising: 

a first portion having a first diameter, 
a second portion having a second diame- 
ter, 

a third portion having a third diameter, 
wherein the second diameter is larger than 
both the first and the third diameters. 



wherein the first portion is at least partially dis- 
posed in the axial bore of the first movable member 
and the second and third portions are at least p£ur- 
tialiy disposed within the first chamber. 

5 

17. The relief valve of claim 16, further comprising a 
spring disposed In the first chamber and in contact 
with the fixed member at one end, and in contact 
with the piston at the other end. 

10 

1 8. The relief valve of claim 1 7, wherein the second por- 
tion of the piston has a step that limits the degree 
to which the spring can be compressed by the pis- 
ton. 

15 

1 9. The relief valve of claim 1 6, wherein the third portion 
is aligned with the orifice so that, when the piston 
moves toward the fixed member, the third portion 
gets Inserted into the orifice. 

20 

20. The relief valve of claim 16, further comprising: 

an adjuster coupled to the adapter; and 
a spring disposed in the second chamber with 
25 one end of the spring being in contact with the 

fixed member and the other end of being in con- 
tact with the adjuster. 

21 . A valve having at least a first port and a second port, 
30 the valve comprising: 

a moveable member having an axial bore, the 
moveable member having at least a first posi- 
tion in which It blocks a flow of fiuid between 

35 the first and second ports and a second position 

in which it permits the flow of fluid between the 
first and second ports, wherein the moveable 
member moves in response to a change in 
pressure in the vahre; and 

40 a piston slldeably disposed within the axial 

bore, wherein the relative movement between 
the piston and the moveable member alternate- 
ly restricts and pemnits the flow of fluid through 
the axial bore, thereby regulating the pressure 

45 Inside the valve and, as a result, regulating the 

movement of the moveable member. 

22. The valve of claim 21 , wherein the moveable mem- 
ber comprises a sloped face, the valve further com- 

50 prising a cage having an axial bore, the cage com- 
prising a seat disposed annulariy within the axial 
bore near the second port, 

wherein when the moveable member is In its 
first position, the movable member is disposed with- 

55 in the cage such that the sloped face contacts the 
seat to create a seal that prevents fluid from flowing 
directly between the first and second ports. 
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